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Bone morphogenetic proteins induce apoptosis and growth 
factor dependence of cultured sympathoadrenal progenitor 
cells. 

Song Q, Mehler MF, Kessler JA. 

Department of Neurology, Albert Einstein College of Medicine, Kennedy 
Center Room 901, 1300 Morris Park Avenue, Bronx, New York 10461, 
USA. 

Neuron numbers in developing vertebrate organisms are regulated by the 
availability of growth factors which promote their survival. However, 
neuron survival may also be regulated by growth factors which promote 
rather than prevent cell death. This study examined the effects of bone 
morphogenetic proteins (BMPs) in inducing apoptosis of MAH cells, an 
immortalized sympathoadrenal progenitor cell line. Treatment of MAH cells 
with BMP2 or BMP4 killed the cells in a dose-dependent manner. By 
contrast, treatment with BMP7 or TGFbetal failed to affect survival, 
suggesting that induction of apoptosis is specific to the dpp subgroup of 
BMPs. Survival after treatment with BMP2 or BMP4 required addition of 
fibroblast growth factor (FGF) and nerve growth factor (NGF), indicating 
that BMP treatment made the neurons dependent upon an exogenous factor 
for survival. Several experimental observations suggested an apoptotic 
mechanism for BMP-induced death. After BMP2 treatment, the cells 
progressively shrank and became pyknotic. Further, there was prominent 
endonucleosomic cleavage of DNA (laddering) as well as TUNEL staining. 
Moreover, BMP-induced death was inhibited by the caspase inhibitor 
z-VAD and was partially prevented by the endonuclease inhibitor 
aurintricarboxylic acid. These observations suggest that neuron numbers 
may be regulated by factors which promote death and that exposure to such 
factors may be a signal for the development of dependence upon other 
growth factors for surx ival. Cop>Tight 1998 Academic Press. 
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Msx2 is a transcriptional regulator in the BMP4-mediated 
programmed cell death pathway. 

Marazzi G, Wang Y, Sassoon D. 

Brookdale Center for Molecular Biology, Mount Sinai School of Medicine, 
New York, New York 10029, USA. 

Homeobox-containing genes play an important role in patterning processes 
that occur during embryogenesis. Programmed cell death is a key process 
during pattern formation. The mechanisms by which programmed cell death 
is spatially regulated are not well characterized. Msxl and Msx2 are two 
closely related homeobox-containing genes that are expressed at sites where 
cellular proliferation and programmed cell death occur, including the 
developing limb and the cephalic neural crest. Tissue interactions are 
necessary for the maintenance of Msxl and Msx2 expression and 
programmed cell death. It has been demonstrated that BMP4 can regulate 
cell death at these same sites as well as induce Msx expression. These 
observations lead to the hypothesis that Msx2 is a key regulator of cell death 
in the BMP-mediated pathway. Embryonic stem cell lines will undergo 
processes typical of early embryogenesis upon aggregation and have recently 
been shown to provide a model system for programmed cell death. In 
contrast to ES cells, we see that PI 9 cells do not undergo pronounced cell 
death upon aggregation; however, constitutive ectopic Msx2 expression in 
PI 9 cells results in a marked increase in apoptosis induced upon aggregation 
but has no effect when cells are grown as a monolayer. If aggregates are 
allowed to interact with a substrate, the process of programmed cell death is 
completely inhibited. Addition of BMP4 to aggregated PI 9 cells also results 
in cell death; however, BMP4 does not increase levels of cell death in 
Msx2-expressing cells. Addition of BMP4 to P19 cells results in an 
induction of Msx2 transcription consistent with its proposed role in cell 
death in the embryo. Our data support a model by which BMP4 induces 
programmed cell death via an Msx2-mediated pathway and provide direct 
functional evidence that Msx2 expression is a regulator of this process. 
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